In some experimental situations the assumption 2(ii) does not hold. As argued in Wu & Chen (1992) , there are practical situations in which certain interactions can be a priori identified as being potentially important and should be estimated clear of each other. In order to accommodate a set of specified interactions, one may have to choose a design with worse aberration. For example, consider the choice of a 26-2 design, in which the following interactions (13, 14, 16, 23, 34, 35, 36, 45, 56) can be estimated clear of each other and of the main effects (assuming the other 2fi's are negligible). By using a graph representation Wu & Chen (1992) show that the resolution III design with I = 125 = 2346 meets the requirements while the MA design with I = 1235 = 2346 does not. Broading the choice of designs will make it possible to find flexible graphs otherwise nonexistent.
There is indeed a whole class of problems that do not satisfy the assumption 2(i) and 2(ii). In parameter designs (Taguchi, 1987) , the factors are divided into two types: control factors and noise factors. Since the noise factors are not controllable except when special efforts are made, estimability of the noise main effects is usually less important than that of the control-by-noise interactions. This violates 2(i). Similarly estimability of the noise-by-noise interactions is less important than that of the control-by-noise interactions, which violates 2(ii). As a result, neither the resolution nor the aberration criterion can guarantee a good statistical design for this type of experiments. A simple example is used to illustrate the point. Consider the resolution III design d, given by I= ABCr = rst = ABCst, and the resolution IV design d2 given by I = ABCr = BCst = Arst, where A, B, C are three control factors and r, s, t are three noise factors. Under the assumption that 3-factor and higher order interactions are negligible, A, B, C, As, Bs, Cs, At, Bt, Ct are estimable in dl, whereas only the main effects A, B, C, r, s, t are estimable in d2. Since it is much less important to be able to estimate the three noise main effects r, s, t in d2 than to estimate the six control-by-noise interactions in dl, design d, is preferred in spite of its lower resolution. Further discussion on planning techniques for parameter designs can be found in Shoemaker, Tsui & Wu (1991). The overall conclusion is that, practical situations can be different from one to the other and they may sometimes be contradictory. Using a single criterion such as the minimum aberration criterion for selecting designs exclusively cannot meet practical needs. It is hence desirable to collect good designs in a catalogue.
Construction Method

Basic Idea
If a design d, can be obtained from d2 by relabeling the factor numbers in the defining contrast subgroup or by change of signs, we say dl is isomorphic to d2. Since isomorphic designs are essentially the same, it is sufficient to include only one of them in any catalogue of designs. To catalogue all possible designs, a straightforward approach does not work. For example, in a 32(=25) run design with 15 two-level factors, there are 5 independent factors, and 10 additional factors can be defined in (31 -=11,735 15 -5'1'7 ways. It is impractical to identify isomorphic designs among all 5,311,735 designs because of the difficulties in discriminating between non-isomorphic designs. This number becomes much larger as the run size and number of factors increase. By applying some algebraic and combinatorial methods, we are able to reduce the computations significantly. The basic idea of the proposed sequential construction method is to break the huge amount of combinatorial computations into a sequence of much smaller computations. At each step, the total number of designs are significantly reduced by keeping only non-isomorphic designs.
The 2n-k designs given in Section 2 can be viewed as submatrices of regular Hadamard matrices. A regular Hadamard matrix of order 2q is a 2q x 2q orthogonal matrix of ?1 with the additional property that the entrywise product of any two columns is among the 2q columns. By replacing -1 by 1 and 1 by 0 and using addition over GF(2), these 2q columns form an elementary Abelian group over GF(2), where GF(2) is the Galois field with two elements. Except for the column corresponding to the identity element in the group, we may write the remaining columns as C=-{CI, . . , C2yq_-.
Within C, we can find q independent columns that generate all the columns in C. A 2n-k design can now be viewed as a subset of C with n columns. Out of the n columns, n -k(=q) are independent columns and the remaining k columns can be generated from the n -k columns through the defining relations in its defining contrast subgroup. A similar matrix representation for three-level designs can be defined. The only difference is that its columns are grouped into pairs. For each pair of columns, one is a multiple of the other modulus three. This simple representation for 2n-k and 3n-k designs will be employed in the tabulation of designs. If two designs are isomorphic, an isomorphic map will be found eventually. If two designs with the same letter pattern are nonisomorphic, it requires a complete search of relabeling maps. Fortunately, this happens rarely in our experience. The isomorphism check for 3-level designs is similar but slightly more complicated. The details are omitted.
Tables of Designs
Using the method described in the last section, we obtain complete collections of designs with 16, 27, and 32 runs. We do not include 8-and 9-run designs because their number is small and can be found in standard texts. Since the total number of 64-run designs is too large, we only keep those with resolution IV or higher in the computer search. To save space, for 32 and 64 runs, we present only five to ten designs in most cases. The complete catalogue is available upon request. These designs are not chosen exclusively according to the minimum aberration criterion. Designs with worse aberration may be judged to be better by other properties, e.g. the number of clear 2fi's.
For each run size, we put the column set C (see (3)) in Yates order. The column numbers of the independent columns are indicated by bold face. A 2n-k design is given by a subset of n columns of C, consisting of n -k independent columns and k additional columns. Only the latter are specified in the tables. For clarity, we call it design n -k.i in the tables, where i denotes the ith 2n-k design in the catalogue. The word-length pattern and the number of clear 2fi's are also provided. To save space, at most five non-zero components of the word-length patterns are given. Also, we use the notation 19 -22 for columns 19 to 22. The three-level 27-run designs are given in the same vein. Note that in the corresponding design matrix, the three levels are denoted by 0, 1 and 2.
Usage of the tables is illustrated by the following example.
Example. 26-2 fractional factorial design
The columns set C is presented in Table 1 with independent columns {1, 2, 4, 8}. The first 26-2 design in the table is 7, 1, i.e., the design consists of columns {1, 2, 4, 8, 7, 11}. To find the defining words, we name the corresponding factors A, B, C, D, E, F. Column 7 is the sum of columns 1, 2, and 4 (mod 2), i.e. the generator for factor E is E = ABC. Similarly, the generator for factor F is F = ABD. 11-6.1 11-6.2 11-6.3 11-6.4 11-6.5 11-6.6 11-6.7 11-6.8 11-6.9 11-6.10 12-7.1 12-7.2 12-7.3 12-7.4 12-7.5 12-7.6 12-7.7 12-7.8 12-7.9 12-7.10 
